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(57) ABSTRACT

A fuel pump draws pumps fuel from a fuel tank to a
pressurizing chamber during a suction stroke, and pressur-
1zes and sends fuel 1n the pressurizing chamber to a delivery
pipe. A electromagnetic valve 1s actuated by electricity from
a battery to electively connects and disconnects the fuel tank
with the pressurizing chamber. An ECU determines opening
and closing timing of the electromagnetic valve based on the
rotation al phase of an engine. When the rotational phase of
the engine 1s not 1dentified, the ECU executes a duty control
to cyclically repeat supplying and stopping of current to the
clectromagnetic valve. The ECU extends a current supply-
ing period 1 each cycle of the duty control as the voltage of
the power supply 1s lowered. As a result, the electromagnetic
valve 1s reliably closed particularly at each pressurizing

stroke, which improves the pressure increasing efficiency of
fuel supplied to a fuel injection system.
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Fig.10
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HIGH PRESSURE FUEL SUPPLYING
APPARATUS FOR INTERNAL COMBUSTION
ENGINE AND METHOD FOR
CONTROLLING THE APPARATUS

BACKGROUND OF THE INVENTION

The present 1nvention relates to an high pressure fuel
supplying apparatus for in an internal combustion engine,
which apparatus sends high pressure fuel to a fuel injection
system of the engine, and to a method for controlling the
apparatus.

Japanese Laid-Open Patent Publication No. 10-61468
discloses a high pressure fuel pump having a plunger that is
reciprocated by rotation of a crankshaft of an engine. Recip-
rocation of the plunger 1n a pressurizing chamber draws fuel
into the pressurizing chamber and pressurizes the drawn
fuel. The pressurized fuel 1s sent to a delivery pipe.

During a suction stroke of the plunger, in which the
pressurizing chamber 1s expanded, an electromagnetic valve
located 1n the pressurizing chamber 1s supplied with no
current and 1s thus opened. As a result, fuel 1s supplied to the
interior of the pressurizing chamber from a feed pump,
which forms part of a fuel supply source. During a pressur-
1zing stroke of the plunger, in which the pressurizing cham-
ber 1s compressed, the electromagnetic valve 1s supplied
with current and closed at a time corresponding to the
amount of fuel that 1s to be sent to the fuel injection system.
As a result, fuel 1n the pressurizing chamber 1s pressurized.
The pressurized fuel pushes open a fuel discharge valve and
1s supplied to the delivery pipe, which forms part of a fuel
Injection system.

The plunger of the aforementioned publication 1s recip-
rocated by rotation of the crankshaft of the internal com-
bustion engine. Therefore, 1 order to determine the stroke
position of the plunger in the pressurizing chamber, the
rotational phase angle of the crankshaft must be i1dentified.
However, the rotational phase angle of the crankshaft cannot
be 1dentified, for example, when the engine 1s being cranked.
At this time, 1t 1s 1mpossible to control the electromagnetic
valve according to a normal process even if the high pressure
pump 1s operating. Thus, when the engine 1s being cranked,
higch pressure fuel 1s not supplied to the fuel injection
system, and fuel 1n the fuel njection system 1s not pressur-
1zed at an early stage. This hinders a desirable fuel 1injection
and degrades the starting of the engine.

To eliminate this drawback, the technology disclosed in
the above publication pressurizes fuel in the fuel 1njection
system at an early stage in the following manner. That is,
when the rotation phase angle of the crankshaft i1s not
identified, a duty control i1s performed to supply and stop
current to the electromagnetic valve in short cycles. Each
suction stroke of the plunger corresponds to each current
stopping period of the duty control. In each current stopping
period, the electromagnetic valve 1s opened, and fuel 1s
drawn 1nto the pressurizing chamber. When the plunger is at
a pressurizing stroke, the electromagnetic valve 1s closed at
a first current supplying timing in the duty control. During
this closing period of the electromagnetic valve, the pressure
of the fuel 1n the pressurizing chamber 1ncreases. Although
current to the electromagnetic valve 1s stopped after the
closing period, the pressure of the fuel 1n the pressurizing
chamber maintains the closed state of the electromagnetic
valve. In the subsequent pressurizing strokes, the electro-
magnetic valve 1s not opened regardless of whether the duty
control 1s performed. Therefore, even if the rotational phase
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2

angle of the crankshaft 1s not 1dentified, the pressure of the
fuel 1n the pressurizing chamber 1s 1ncreased, so that the fuel
pushes open the fuel discharging valve and 1s supplied to the
fuel 1njection system 1n a pressurized state.

However, when the engine 1s being cranked, the voltage
of a power supply, such as a battery, 1s lowered due to an
clectrical load created by activation of a starter motor. If the
voltage 1s significantly lowered, the electromagnetic valve 1s
not completely closed during the current supplying period in
the duty control, which results 1n an insufficient pressure
increase 1n the pressurizing chamber. This possibly hinders
the fuel mjection system from receiving high pressure fuel,
and prevents the pressurizing efficiency of fuel supplied to
the fuel 1njection system from being improved.

SUMMARY OF THE INVENTION

Accordingly, it 1s an objective of the present invention to
provide a high pressure fuel supplying apparatus for an
internal combustion engine and a method for controlling the
apparatus, which apparatus and method 1mprove the pres-
surizing efficiency of fuel supplied to a fuel injection system.

To achieve the foregoing and other objectives and 1n
accordance with the purpose of the present invention, a high
pressure fuel supplying apparatus 1s provided. The apparatus
pressurizes fuel supplied from a fuel supply source and
sends the pressurized fuel to a fuel 1njection system of an
internal combustion engine. The apparatus includes a fuel
pump, an electromagnetic valve, a voltage detecting device,
and a controller. The fuel pump has a pressurizing chamber,
and repeats a pressurizing stroke and a suction stroke in
accordance with rotation of the engine. During each suction
stroke, the fuel pump draws fuel from the fuel supply source
to the pressurizing chamber. During each pressurizing
stroke, the fuel pump pressurizes fuel in the pressurizing
chamber and sends the pressurized fuel to the fuel 1injection
system. The electromagnetic valve selectively connects and
disconnects the pressurizing chamber with the fuel supply
source. The electromagnetic valve 1s actuated by electricity
supplied from a power supply. The voltage detecting device
detects a voltage of the power supply. The controller con-
trols the electromagnetic valve. To adjust an amount of fuel
to be supplied to the fuel injection system, the controller
determines opening and closing timing of the electromag-
netic valve based on a rotational phase of the engine. When
the rotational phase of the engine i1s not identified, the
controller executes a duty control to cyclically repeats
supplying and stopping of current to the electromagnetic
valve. The controller extends a current supplying period 1n
cach cycle of the duty control as the voltage detected by the
voltage detecting device 1s lowered.

In another aspect of the present invention, a method for
controlling a high pressure fuel supplying apparatus for an
internal combustion engine i1s provided. The apparatus
includes a fuel pump having a pressurizing chamber and an
clectromagnetic valve. The fuel pump repeats a pressurizing
stroke and a suction stroke 1n accordance with rotation of the
engine. During each suction stroke, the fuel pump draws fuel
from a fuel supply source to the pressurizing chamber.
During each pressurizing stroke, the fuel pump pressurizes
fuel 1n the pressurizing chamber and sends the pressurized
fuel to a fuel 1mjection system of the engine. The electro-
magnetic valve 1s actuated by electricity supplied from a
power supply to selectively connect and disconnect the
pressurizing chamber with the fuel supply source. The
method mcludes: determining opening and closing timing of
the electromagnetic valve based on a rotational phase of the
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engine, thereby adjusting an amount of fuel to be supplied
to the fuel imjection system; executing a duty control to
cyclically repeats supplying and stopping of current to the
clectromagnetic valve when the rotational phase of the
engine 1s not 1dentified; and extending a current supplying
period 1n each cycle of the duty control as the voltage of the
power supply 1s lowered.

Other aspects and advantages of the invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, 1llustrating by
way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention, together with objects and advantages
thereof, may best be understood by reference to the follow-
ing description of the presently preferred embodiments
together with the accompanying drawings in which:

FIG. 1 1s a diagrammatic view illustrating a high pressure
fuel pump, an engine, and a control system according to a
first embodiment;

FIGS. 2(A) to 2(C) are cross-sectional views showing a
suction stroke of the high pressure fuel pump of FIG. 1 after
the crank angle 1s identified;

FIGS. 3(A) to 3(C) are cross-sectional views showing a
pressurizing stroke of the high pressure fuel pump of FIG.
1 after the crank angle 1s 1identified;

FIG. 4 1s a crank angle chart showing an operation of the
high pressure pump of FIG. 1 after the crank angle is

identified;

FIG. § 1s a flowchart showing a duty control process
executed when the engine 1s being cranked;

FIG. 6 1s a graph showing a duty map Dmap used in the
duty control process of FIG. 5;

FIG. 7 1s a timing chart showing an example of a control
of the high pressure fuel pump shown in FIG. 1;

FIG. 8 1s a flowchart showing a duty control process
according to a second embodiment of the present invention,
which process 1s executed when the engine 1s being cranked;

FIG. 9 1s a timing chart showing an example of a control
of a high pressure fuel pump according to the second
embodiment;

FIG. 10 1s a flowchart showing a duty control process
according to a third embodiment of the present invention,
which process 1s executed when the engine 1s being cranked;

FIG. 11 1s a graph showing a current supplying period
map Tmap used 1n the duty control process of FIG. 10;

FIG. 12 1s a timing chart showing an example of a control
of the high pressure pump according to the third embodi-
ment; and

FIG. 13 1s a crank angle chart showing an operation of a
high pressure fuel pump according to another embodiment
after the crank angle 1s 1dentified.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A first embodiment of the present invention will now be
described with reference to FIGS. 1 to 7.

FIG. 1 shows a high pressure fuel pump 2, an internal
combustion engine, and a control system for controlling the
pump 2 and the engine. In this embodiment, the internal
combustion engine 1s a cylinder injection type gasoline
engine 4.

The engine 4 has engine cylinders (not shown), fuel
injection valves 32, a crankshaft 5. A combustion chamber
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4

1s defined 1n each engine cylinder, and each fuel 1njection
valve 32 corresponds to one of the engine cylinders. A
delivery pipe 30 1s connected to the fuel 1mnjection valves 32.
The fuel 1njection valves 32 and the delivery pipe 30 form
a fuel injection system. A piston (not shown) reciprocates in
cach engine cylinder. Accordingly, the crankshaft 5 rotates.

The high pressure fuel pump 2 includes a camshait 6
interlocked with the crankshaft §, a cam 8 located on the
camshaft 6, a cylinder 10, and a plunger 12. The plunger 12

1s reciprocated by the cam 8. The cylinder 10 and the plunger
12 define a pressurizing chamber 14. The high pressure fuel
pump 2 further includes an electromagnetic valve 18. The
clectromagnetic valve 18 1s arranged to correspond to a fuel
inlet 16 that opens to the pressurizing chamber 14.

Fuel 1s pumped out of a fuel tank 24 by a feed pump 22.
The fuel tank 24 and the feed pump 22 form a fuel supply
source. Fuel 1s then drawn 1n to the pressurizing chamber 14
through a low pressure fuel passage 20 and the fuel inlet 16
during a suction stroke of the high pressure fuel pump 2, or
(furing a suction stroke of the plunger 12. Some of the fuel
that 1s pumped out by the feed pump 22 1s not sent to the
high pressure fuel pump 2. Such fuel or fuel that is returned
to the low pressure fuel passage 20 from the high pressure
fuel pump 2 are returned to the fuel tank 24 through a reliet
valve 20a.

During a pressurizing stroke of the high pressure fuel
pump 2, or during a pressurizing stroke of the plunger 12,
high pressure fuel that i1s pressurized in the pressurizing
chamber 14 pushes open a check valve 26 and is sent to the
delivery pipe 30 through a high pressure fuel passage 28. As
a result, high pressure fuel 1s pressurized to a level that
enables the fuel to be 1njected into the combustion chambers
of the engine cylinders at a compression stroke. The fuel 1s
then supplied to each fuel injection valve 32. If there is
surplus fuel that 1s not subjected to 1injection in the delivery
pipe 30, the surplus fuel 1s returned to a low pressure fuel
passage 20 through the relief valve 30a.

An electronic control unit (ECU) 34 controls the electro-
magnetic valve 18 to adjust the amount of high pressure fuel
supplied from the high pressure fuel pump 2 to the delivery
pipe 30. The ECU 34 1s a controller that has an electronic
circuit including a digital computer. The ECU 34 receives
detection signals from an engine speed sensor 36, a cam
position sensor 38, a fuel pressure sensor 40, a battery
voltage sensor 42, and other sensors and switches. The
engine speed sensor 36 1s provided at the crankshafit 5, and
outputs a pulse signal NE every time the crankshaft 5 rotates
by 30°. The rotational phase angle of the crankshaft 5 (the
rotational phase of the engine 4) is referred to as a crank
angle. A range of the crank angle from a predetermined
reference angle, or 0°, to 720° is referred to one cycle. That
1s, a rotational angle corresponding to two turns of the
crankshaft 5 1s referred to as one cycle. The cam position
sensor 38 1s provided at the camshait 6, which rotates one
turn while the crankshaft § rotates two turns. The cam
position sensor 38 outputs a reference crank angle signal G2
at a timing when the crank angle 1s the reference crank angle
(the reference rotational phase of the engine 4). The engine
speed sensor 36 and the cam position sensor 38 function as
a device for detecting the rotational phase of the engine 4.
The fuel pressure sensor 40 1s provided at the delivery pipe
30 and outputs a signal that represents the fuel pressure in
the delivery pipe 30, or a pressure Pt of fuel supplied to the
fuel 1mjection valves 32. The battery voltage sensor 42,
which functions as a voltage detecting device, detects a
voltage Vb of a battery 44 and outputs a signal correspond-
ing to the voltage Vb. The battery 44 1s a power supply of
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the electromagnetic valve 18, an engine starter 46, and other
electrical loads 48.

The ECU 34 performs computations based on inputted
signals to control a drive circuit 50, thereby supplying and
stopping a current from the battery 44 to the electromagnetic
valve 18. The ECU 34 also performs other engine controls
including a fuel injection control and an 1gnition timing
control.

The ECU 34 identifies a reference crank angle based on
the reference crank angle signal G2 from the cam position
sensor 38. Using the reference crank angle as a starting
point, the ECU 34 identifies the current crank angle based on
the pulse signal NE from the engine speed sensor 36.
Theretore, while the engine 4 1s being cranked, the ECU 34
cannot 1dentify the crank angle unftil receiving the {first
reference crank angle signal G2.

The electromagnetic valve 18 includes an excitation coil
18a, a valve body 18b, and a spring 18c¢. The valve body 18b
1s located 1n the pressurizing chamber 14 and driven by the
excitation coil 18a. The spring 18c¢, which functions as an
urging member, urges the valve body 185 away from a valve
scat 18d provided about the fuel inlet 16. The valve seat 18d
1s located 1n an inner wall of the pressurizing chamber 14
that faces the valve body 18b. When the excitation coil 18a
1s supplied with current, the valve body 18b 1s moved
towards the valve seat 18d against the force of the spring
18¢, and contacts the valve seat 184. As a result, the fuel
inlet 16 1s closed by the valve body 18b, and the pressurizing
chamber 14 1s disconnected from the fuel mlet 16. When
current to the excitation coil 184 1s stopped, the valve body
1856 1s moved away from the valve seat 18d by the force of
the spring 18c, and opens the fuel inlet 16. Accordingly, the
pressurizing chamber 14 1s connected with the fuel inlet 16.
The electromagnetic valve 18 1s configured as an internally
opening valve that 1s opened when the valve body 185 1n the
pressurizing chamber 14 moves towards the interior of the
pressurizing chamber 14.

A process for controlling current to the electromagnetic

valve 18 when the crank angle 1s 1dentified will now be
described with reference to FIGS. 2(A) to 3(C). The process

is executed by the ECU 34. FIGS. 2(A) to 2(C) show a
suction stroke of the high pressure fuel pump 2, and FIGS.
3(A) to (C) show a pressurizing stroke of the high pressure
fuel pump 2. In a suction stroke, the excitation coil 18a of
the electromagnetic valve 18 1s supplied with no current, and
the electromagnetic valve 18 i1s opened. In this case, as the
plunger 12 moves along the states of FIG. 2(A), FIG. 2(B),
and FIG. 2(C) in this order, the volume of the pressurizing
chamber 14 1s increased. That 1s, the pressurizing chamber
14 1s expanded. Accordingly, low-pressure fuel 1s drawn 1nto

the pressurizing chamber 14 from the low pressure fuel
passage 20 through the fuel inlet 16.

When the high pressure fuel pump 2 proceeds from a
suction stroke to a pressurizing stroke, the plunger 12 moves
along the states of FIG. 3(A), FIG. 3(B), FIG. 3(C) in this
order. Accordingly, the volume of the pressurizing chamber
14 1s decreased. That 1s, the pressurizing chamber 14 1s
compressed. As shown in FIG. 3(A) the excitation coil 18a
1s not supplied with current at initial stages of a pressurizing
stroke. The electromagnetic valve 18 1s therefore open.
Thus, some of the fuel in the pressurizing chamber 14 is
returned to the low pressure fuel passage 20 from the fuel
inlet 16, and the pressure of the fuel 1n the pressurizing
chamber 14 1s not increased and maintained low. Thereafter,
the excitation coil 18a 1s supplied with current at a timing
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valve body 18b contacts the valve seat 18d against the force
of the spring 18c¢ during a pressurizing stroke. As a resullt,
the fuel inlet 16 1s closed, and the pressure of the fuel 1n the
pressurizing chamber 14 1s increased. The pressurized tuel
pushes open the check valve 26 shown 1n FIG. 1 and 1s sent
to the delivery pipe 30 through the high pressure fuel
passage 28.

After the pressure 1n the pressurizing chamber 14 1is
increased, the increased pressure 1s maintained until the next
suction stroke 1s started. Therefore, even after current to the
excitation coil 18a 1s stopped, the valve body 18b continues
contacting the valve seat 184 against the force of the spring
18c due to the difference between the high pressure in the
pressurizing chamber 14 and the low pressure in the low
pressure chamber 20. When the high pressure fuel pump 2
proceeds from a pressurizing stroke to a suction stroke, the
pressure 1n the pressurizing chamber 14 1s lowered as the
volume of he pressurizing chamber 14 1s increased.
Accordingly, the valve body 18b 1s moved away from the
valve seat 18d by the force of the spring 18c, which opens
the electromagnetic valve 18.

While the camshaft 6 rotates one turn, in other words,
while the crankshaft 5 rotates two turns, the plunger 12
reciprocates two times. Accordingly, the pump cycle includ-
ing a suction stroke and a pressurizing stroke 1s repeated two
times.

When the crank angle 1s 1dentified, the ECU 34 is capable
of identifying the rotational phase angle of the cam 8, which
rotates synchronously with the crankshaft 5, based on the
crank angle, that 1s, the ECU 34 1s capable of identifying the
stroke position of the high pressure pump 2 (the plunger 12).
Therefore, when the crank angle 1s identified, the ECU 34 1s
capable of determining timing for switching strokes of the
high pressure pump 2 and of setting timing for starting
current supply to the excitation coil 18a 1n relation to the
stroke switching timing. For example, while the camshait 6
rotates one turn (corresponding to two turns of the crank-
shaft 5) as shown in FIG. 4, the ECU 34 1s capable of setting
the timing for starting current supply to the excitation coil
18a to correspond to desired crank angles Oa, Ob. As a result,
the amount of high-fuel pressure fuel supplied to the fuel
injection system including the delivery pipe 30 and the fuel
injection valve 32 1s adjusted, so that the fuel pressure Pi 1n
the fuel injection system 1s adjusted to a target value. It the
current supply starting crank angles Oa, Ob 1 a pressurizing
stroke are advanced, the amount of high pressure fuel sent
to the fuel imjection system 1s increased, and the fuel
pressure Pi 1s increased. If the current supply starting crank
angles Oa, Ob are delayed, the amount of high pressure fuel
sent to the fuel 1njection system 1s decreased, and the fuel
pressure Pf 1s lowered.

As described above, the crank angle cannot be 1dentified
when the engine 4 1s being cranked until a first reference
crank angle signal G2 1s generated. Therefore, the stroke
position of the plunger 12, which 1s interlinked with the
crankshaft §, cannot be 1dentified, and the current control as
shown 1n FIG. 4 cannot be performed. Thus, when the crank
angle cannot be 1dentified, or when the engine 4 1s being
cranked, the ECU 34 performs a duty control process shown
in FIG. 5 to control a current to the electromagnetic valve
18, thereby sending pressurized fuel to the fuel injection
system.

The duty control process will now be described with
reference to FIG. 5. The process of FIG. § 1s repeatedly
executed at a given interval, for example 24 ms, after the
ECU 34 1s turned on. When the process 1s started, the ECU



US 6,745,751 B2

7

34 executes step S100. In step S100, the ECU 34 determines
whether cranking of the engine 4 has been started (whether
the starter 46 has been actuated) and the crank angle is yet
to he 1dentified. That 1s, the ECU 34 determines whether the
crank angle 1s yet to be 1dentified. If the crank angle 1s yet
to be 1dentified, the ECU 34 proceeds to step S102. In step
S102, the ECU 34 uses a duty map Dmap shown 1n FIG. 6
for computing a duty ratio Dton that corresponds to a current
battery voltage Vb.

The duty ratio Dton represents a ratio of time in which
current is supplied to the excitation coil 18a (current sup-
plying period) to the execution cycle of the duty control,
which 1s 24 ms. In the map Dmap shown 1 FIG. 6, the duty
ratio Dton 1ncreases as the battery voltage Vb 1s lowered.

If the battery voltage Vb 1s lowered when the engine 4 1s
being cranked, time from when supply of current to the
excitation coil 18a 1s started to when the electromagnetic
force generated by the excitation coil 18a i1s sufficiently
increased 1s extended. Then, the valve body 18b cannot
contact the valve seat 18d 1n each current supplying period
in the duty control, which may result in an insufficient
closing of the electromagnetic valve 18. That 1s, if the
magnitude of the electromagnetic force generated at the
excitation coil 18a 1s slowly increased, current 1s stopped
before the valve body 18b reaches the valve seat 18d even
if current supply to the excitation coil 18a 1s started. Thus,
to completely close the electromagnetic valve 18 1n at least
part of each current supplying period of the excitation coil
18a even if the battery voltage Vb 1s low, the duty map
Dmap shown 1n FIG. 6 1s defined based on experiments, so
that the ratio of the current supplying period 1s increased as
the battery voltage Vb 1s lowered.

In step S104 of FIG. §, the ECU 34 controls the drive
circuit 50 such that the drive circuit 50 executes a duty
control according to the duty ratio Dton computed 1n the
above described manner. That 1s, the ECU 34 commands the
drive circuit 50 to supply current to the excitation coil 18a
in a period computed by a formula (Dton/100)x24 ms from
the present moment, and to stop current to the excitation coil
18a after the computed period. Then, the ECU 34 tempo-
rarily suspends the process.

Thereafter, as long as the crank angle 1s unidentified (the
positive outcome in step S100), the ECU 34 sets the duty
ratio Dton according to the battery voltage Vb and continues
duty controlling the excitation coil 18a.

If the crank angle is identified (negative outcome in step
S$100), the ECU 34 proceeds to S106. In step S106, the ECU
34 stops duty control and temporarily suspends the process.
Then, as shown 1n FIG. 4, a normal current control accord-
ing to the crank angle 1s started.

One example of the process according to this embodiment
1s shown 1n the timing chart of FIG. 7. When the starter 46
1s actuated at time t0, that 1s, when cranking of the engine 4
1s started, the duty control process of FIG. § 1s executed
since the crank angle 1s first unidentified. Accordingly,
current 1s supplied and stopped to the excitation coil 18a at
short cycles. At this time, each current supplying period 1is
extended according to the duty map Dmap as the battery
voltage Vb 1s lowered so that the electromagnetic valve 18
1s completely closed 1n at least part of each current supplying
period of the excitation coil 18a.

In the example of FIG. 7, the high pressure fuel pump 2
1s 1n a suction stroke from time t0 to time t1. In the duty
control during the suction stroke, the electromagnetic valve
18 1s closed 1n the latter half of the current supplying period
of the excitation coil 18a. That 1s, the electromagnetic valve
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18 1s closed at a little delay after the current supply to the
excitation coil 184 1s started. When no current 1s supplied to
the excitation coil 184, or during a current stopping period,
the electromagnetic valve 18 1s opened. When the electro-
magnetic valve 18 1s opened, low pressure fuel 1s drawn 1nto

the pressurizing chamber 14 from the low pressure fuel
passage 20 through the fuel inlet 16.

From time t1 to time t3, the high pressure fuel pump 2 1s
in a pressurizing stroke. In the duty control during the
pressurizing stroke, the valve body 18b contacts the valve
scat 184 and the electromagnetic valve 18 1s closed at time
{2, which 1s a little later from when current supply to the
excitation coil 184 1s started. Accordingly, the pressure 1n the
pressurizing chamber 14 1s increased as the plunger 12 1s
moved. The increased pressure prevents the valve body 18b
from separating the valve seat 18d even if the current to the
excitation coil 18a 1s stopped afterwards. Thus, from time t2
to time t3, which 1s when the pressurizing stroke ends, the
clectromagnetic valve 18 1s kept closed regardless how
many times the current to the excitation coil 18a 1s stopped.
In the period from time t2 to time t3, high pressure fuel 1n
the pressurizing chamber 14 pushes open the check valve 26
and 1s sent to the delivery pipe 30.

When the high pressure pump 2 proceeds to a suction
stroke (from time t3 to time t5), the electromagnetic valve
18, which 1s being duty controlled, repeatedly opens and
closes according to stopping and supplying of current as in
the previous suction stroke (from time t0O to time t1). In the
example of FIG. 7, the crank angle 1s identified at time t4,
which 1s 1n this suction stroke. Therefore, after time t4,
control 1s shifted from the duty control to the normal control
of the electromagnetic valve 18, which 1s described referring
to FIG. 4. That 1s, since time t4, at which the crank angle 1s
identified, 1s 1n a suction stroke, no current is supplied to the
excitation coil 184 from time t4 to time t5, which 1s the end
of the suction stroke, to keep the electromagnetic valve 18
open.

Although a pressurizing stroke starts at time t5, the
cranking of the engine 4 1s not yet completed at time t5, and
the fuel pressure Pf 1s not sufficiently increased. Therefore,
current 1s supplied to the excitation coil 184 at time t5 to
increase the fuel pressure PL. As a result, the electromagnetic
valve 18 1s closed at time t6, which 1s slightly later than time
t5. As described above, the pressure 1n the pressurizing
chamber 14 1s increased once the electromagnetic valve 18
1s closed 1n a pressurizing stroke, and the electromagnetic
valve 18 1s kept closed until the end of the pressurizing
stroke even 1f the current to the excitation coil 18a 1is
stopped. Therefore, current to the excitation coil 18a 1is
stopped at time t7, which 1s 1n the pressurizing stroke. From
fime t6 to time t8, which 1s the end of the pressurizing stroke,
the electromagnetic valve 18 1s kept closed. During this
period, high pressure fuel 1s supplied to the delivery pipe 30
from the pressurizing chamber 14.

When a suction stroke 1s started at time t8, the pressure 1n
the pressurizing chamber 14 1s lowered, which causes the
clectromagnetic valve 18 to be opened by the force of the
spring 18c. Afterwards, the normal process, 1n which the
clectromagnetic valve 18 1s opened 1n a suction stroke and
1s closed 1n a pressurizing stroke, 1s repeated so that the fuel
pressure Pf in the fuel imjection system i1s increased to a
target fuel pressure.

In the prior art, each current supplying period 1n a duty
control 1s not extended even if the battery voltage Vg 1s low.
Therefore, even 1if supplying and stopping of current to the
excitation coil 18a are repeated 1n the initial pressurizing
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stroke (refer to the period from time t1 to time 3 in FIG. 7),
the valve body 18b cannot contact the valve seat 184 1n each
current supplying period. In other words, the electromag-
netic valve 18 cannot be completely closed. Thus, m the
initial pressurizing stroke, the pressure of the fuel in the
pressurizing chamber 14 1s not increased, and fuel 1s not
supplied to the delivery pipe 30. Therefore, high pressure
fuel 1s not supplied to the delivery pipe 30 at least until the
next pressurizing stroke. As a result, compared to this
embodiment, the pressure of the fuel injection system 1is
increased with a delay, at least, of 0.3 to 0.5 seconds.

This embodiment provides the following advantages.

When the crank angle 1s yet to be identified while the
engine 4 1s being cranked, the amount of supplied fuel
cannot be adjusted according to the crank angle unlike the
case show 1n FIG. 4. Therefore, in this embodiment, the
clectromagnetic valve 18 1s controlled according to the duty
control process shown 1n FIG. 5§ In the duty control process,
the duty ratio Dton 1s increased as the battery voltage Vg 1s
lowered according to the duty map Dmap, thereby extending
cach current supplying period. Accordingly, as shown 1n the
timing chart of FIG. 7, closing of the electromagnetic valve
18 1n each current supplying period, particularly closing of
the electromagnetic valve 18 1n a pressurizing stroke as
shown at time t2, 1s reliably performed. As a result, even 1t
the battery voltage Vb i1s low when the crank angle 1is
unidentified, the pressure of fuel supplied to the fuel 1njec-
fion system 1s effectively increased compared to the prior art.

Therefore, when the engine 4 1s being cranked, the
pressure of fuel 1n the fuel mjection system 1s 1ncreased to
a target value at an early stage, which allows fuel to be
reliably mnjected. This permits the engine 4 to be smoothly
started.

Even if the crank angle 1s not identified, each current
supplying period is gradually shortened (or maintained
short) if the battery voltage Vb is gradually increased (or if
the battery voltage Vb 1s high from the beginning).
Therefore, load on the electrical circuit including the drive
circuit 50 and the excitation coil 18a 1s prevented from
Increasing.

A second embodiment of the present invention will now
be described with reference to FIGS. 8 and 9. The differ-
ences from the first embodiment of FIGS. 1 to 7 will mainly
be discussed.

This embodiment 1s different from the first embodiment in
that, when the engine 4 1s being cranked, a duty control
process of FIG. 8 1s performed mstead of the duty control
process of FIG. 5. Like the duty control process of the first
embodiment, the duty control process of this embodiment 1s
performed to control the excitation coil 18a of the electro-
magnetic valve 18 before the crank angle 1s identified.
However, in this embodiment, the duty ratio 1s not varied
according to the battery voltage Vb but is fixed to a given
value (for example, 50%). Instead, the cycle of the duty
control 1s varied according to the battery voltage Vb.

The duty control process of this embodiment will now be
described with reference to a flowchart of FIG. 8. The
process 1s repeatedly executed at a given interval, for
example 8 ms, after the ECU 34 is turned on. When the
process 1s started, the ECU 34 determines whether cranking,
of the engine 4 has been started and the crank angle 1s yet
to be 1dentified 1n step S200. If the crank angle 1s yet to be
identified, the ECU 34 proceeds to step S202, and deter-
mines whether the battery voltage Vb 1s less than a prede-
termined first determination value V1. If the battery voltage
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proceeds to step S204, and determines whether the battery
voltage Vb 1s less than a predetermined second determina-
tion value V2. The second determination value V2 1s less
than the first determination value V1.

If the battery voltage Vb 1s less than the second determi-
nation value V2, the ECU 34 proceeds to step S206, and sets
the cycle of the duty control to 32 ms. In step S208, the ECU
34 controls the drive circuit 50 to perform the duty control
of the set cycle of 32 ms. Then, the ECU 34 temporarily
suspends the process.

Therefore, if the battery voltage Vb 1s less than the second
determination value V2, the duty control at a cycle of 32 ms
1s performed with a constant duty ratio to the excitation coil
18a of the electromagnetic valve 18. Thus, when the duty
ratio 1s set to 50%, each current supplying period 1s 16 ms
in the duty control.

Thereafter, when the battery voltage Vb 1s raised to be
equal to or higher than the second determination value V2
and less than the first determination value V1, the outcome
of step S204 1s negative. In this case, the ECU 34 proceeds
to step S210. In step S210, the ECU 34 sets the cycle of the
duty control to 16 ms and proceeds to step S208. Therefore,
if the battery voltage Vb 1s equal to or higher than the second
determination value V2 and less than the first determination
value V1, a duty control at a cycle of 16 ms 1s performed
with a constant duty ratio (50%) to the excitation coil 18a of
the electromagnetic valve 18. Each current supplying period
of the duty control 1s 8 ms.

Thereafter, when the battery voltage Vb 1s increased to a
value equal to or greater than the first determination value
V1, the outcome of step S202 1s negative. In this case, the
ECU 34 proceeds to step S212. In step S212, the ECU 34
sets the cycle of the duty control to 8 ms and proceeds to step
S208. Therefore, 1f the battery voltage Vb 1s equal to or
higher than the first determination value V1, a duty control
at a cycle of 8 ms 1s performed with a constant duty ratio
(50%) to the excitation coil 18a of the electromagnetic valve
18. Each current supplying period of the duty control 1s 4
ms

As long as the crank angle is unidentified (the positive
outcome in step S200), the ECU 34 sets the cycle of the duty
ratio according to the battery voltage Vb and continues duty
controlling the excitation coil 18a.

[f the crank angle is identified (negative outcome in step
S200), the ECU 34 proceeds to S214. In step S214, the ECU
34 stops the duty control and temporarily suspends the
process. Afterwards, as long as the crank angle 1s 1dentified,
a normal current control according to the crank angle 1s

executed (see FIG. 4).

One example of the process according to this embodiment
1s shown 1n the timing chart of FIG. 9. When the starter 46
1s actuated at time t20, the duty control process of FIG. 8 1s
executed until time t26, at which the crank angle 1s 1denti-
fied. Accordingly, current 1s supplied and stopped to the
excitation coil 18a at short cycles. In the period from t20, to
time t23, in which the battery voltage Vb 1s less than the
second determination value V2, the cycle of the duty control
1s set to 32 ms. In the period from t23 to time t25, 1n which
the battery voltage Vb 1s equal to or higher than the second
determination value V2 and less than the first determination
value V1, the cycle of the duty control 1s set to 16 ms. In the
period from t25, at which the battery voltage Vb 1s equal to
or higher than the first determination value V1, to time t26,
the cycle of the duty control 1s set to 8 ms.

During the above described duty control, the electromag-
netic valve 18 1s repeatedly closed and opened 1n accordance
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with supplying and stopping of current in the period of each
suction stroke of the high pressure pump 2 (the period from
time t20 to time t21, and the period from t24 to t26). When
the electromagnetic valve 18 1s opened, low pressure fuel 1s
drawn 1nto the pressurizing chamber 14 from the low
pressure fuel passage 20 through the fuel inlet 16.

In a pressurizing stroke from time t21 to time t24, the
clectromagnetic valve 18 1s closed at t22. Afterwards, the
clectromagnetic valve 18 1s kept closed due to an increased
pressure of the pressurizing chamber 14 until time (24,
which 1s the end of the pressurizing stroke, regardless how
many times current to the excitation coil 18a 1s stopped. In
the period from time t22 to time t24, 1n which the electro-
magnetic valve 18 1s closed, high pressure fuel in the
pressurizing chamber 14 pushes open the check valve 26 and
1s sent to the delivery pipe 30.

In a suction stroke from time t24 to time t27, the crank
angle 1s 1dentified at t26. Therefore, after time t26, the
control 1s shifted from the duty control to the normal control
for the electromagnetic control described referring to FIG. 4.
That 1s, the normal process, in which the electromagnetic
valve 18 1s opened 1n a suction stroke and 1s closed 1n a
pressurizing stroke, 1s repeated so that the fuel pressure Pt
1s 1ncreased to a target fuel pressure.

In the prior art, the cycle of the duty control i1s not
extended even 1f the battery voltage Vg 1s low, and each
current supplying period of the duty control 1s not extended.
Therefore, 1in the initial pressurizing stroke (refer to the
period from time t21 to t24 1 FIG. 9), the pressure of the
fuel 1n the pressurizing chamber 14 1s not increased, and the
fuel 1s not supplied to the delivery pipe 30. Therefore,
compared to this embodiment, the pressure increase 1n the
fuel 1injection system 1s delayed.

This embodiment provides the following advantages.

In the duty control of this embodiment, the cycle of the
duty control 1s extended as the battery voltage Vb 1s lowered,
thereby extending each current supplying period.
Accordingly, as shown 1n the timing chart of FIG. 9, closing,
of the electromagnetic valve 18 1 each current supplying
period, particularly as shown at time t22, closing of the
clectromagnetic valve 18 1n a pressurizing stroke, i1s reliably
performed. As a result, even 1f the battery voltage Vb 1s low
when the crank angle 1s unidentified, the pressure of fuel
supplied to the fuel injection system 1s effectively increased
compared to the prior art.

Therefore, when the engine 4 1s being cranked, the
pressure of fuel 1n the fuel mjection system 1s increased to
a target value at an early stage, which allows fuel to be
reliably 1njected. This permits the engine 4 to be smoothly
started.

Even 1f the crank angle is not 1dentfified, the cycle of the
duty control is gradually shortened (or maintained short) if
the battery voltage Vb is gradually increased (or if the
battery voltage Vb is high from the beginning). Therefore,
cach current supplying period in the duty control 1s not
unnecessarily extended, and thus load on the electrical
circuit including the drive circuit 50 and the excitation coil
18a 1s prevented from unnecessarily 1ncreasing.

When the battery voltage Vb 1s low, each current supply-
ing period 1s extended not only by increasing the ratio of the
current supplying period to one cycle of the duty control but
by extending the cycle of the duty control. Therefore, the
duty ratio does not need to be changed. This effectively
prevents the load on the electrical circuit from increasing.

Further, the cycle of the duty control is shortened (or
maintained short) if the battery voltage Vb is increased (or
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is high from the beginning). Accordingly, the probability
that the electromagnetic valve 18 1s closed at an early stage
of the pressurizing stroke is increased. This 1s advantageous
to guarantee that a sufficient amount of high pressure fuel be
supplied to the fuel injection system, and the fuel pressure
P1 1s further effectively increased.

A third embodiment of the present invention will now be

described with reference to FIGS. 10 and 12. The differences
from the first embodiment of FIGS. 1 to 7 will mainly be
discussed. This embodiment i1s different from the first
embodiment 1n that, when the engine 4 1s being cranked, a
duty control process of FIG. 10 1s performed instead of the
duty control process of FIG. 5.

The duty control process of this embodiment will now be
described with reference to a flowchart of FIG. 10. The
process 15 repeatedly executed at a given interval, for
example 8 ms, after the ECU 34 1s turned on. When the
process 1s started, the ECU 34 determines whether cranking
of the engine 4 has been started and whether the crank angle
1s yet to be 1dentified in step S300. If the crank angle 1s yet
to be 1dentified, the ECU 34 proceeds to step S302. In step
S302, the ECU 34 uses a current supplying period map
Tmap shown 1n FIG. 11 for computing a current supplying
period Ton that corresponds to the battery voltage Vb.

The current supplying period Ton represents the duration
of the current supplying period in one cycle of the duty
control. In the current supplying period map Tmap of FIG.
11, the current supplying period Ton 1s set longer for lower
values of the battery voltage Vb. However, 1f the battery
voltage Vb 1s less than a predetermined low voltage VX, the
current supplying period Ton 1s maintained at an uppermost
value, or 16 ms. Also, 1f the battery voltage Vb 1s equal to
or higher than a predetermined high voltage Vz, the current
supplying period Ton 1s maintained at a lowermost value, or
4 ms.

In step S304, the ECU 34 determines whether the com-
puted current supplying period Ton 1s equal to or less than
8 ms. If the current supplying period Ton 1s longer than 8 ms,
the ECU 34 proceeds to step S312, and sets the cycle of the
duty control to 32 ms. In step S310, the ECU 34 controls the
drive circuit 50 to perform a duty control of the cycle of 32
ms with the computed current supplying period Ton. Then,
the ECU 34 temporarily suspends the process.

Therefore, 1n one cycle of the duty control to the elec-
tromagnetic valve 18, the excitation coil 18a 1s supplied with
current for the current supplying period Ton. Thereafter, the
current to the excitation coil 18a 1s stopped for a period
computed by subtracting the current supplying period Ton
from 32 ms.

Thereafter, if the battery voltage Vb 1s increased, the
current supplying period Ton i1s gradually shortened every
time the routine of FIG. 10 1s executed. However, unless the
current supplying period Ton 1s equal to or less than 8 ms,
the cycle of the duty control 1s maintained at 32 ms.
Accordingly, the duty ratio (the ratio of the current supply-
ing period Ton to 32 ms) is gradually decreased.

When the current supplying period Ton 1s shortened to be
equal to or less than 8 ms as the battery voltage Vb increases,
the outcome of step S304 1s positive, and the ECU S306
proceeds to step S306. The fact that the current supplying
period Ton 1s equal to or less than 8 ms indicates that the
duty ratio 1s maintained equal to or less than 50% even if the
cycle of the duty ratio 1s changed to 16 ms. In step S306, the
ECU 34 determines whether the computed current supplying
period Ton 1s equal to 4 ms. If the current supplying period
Ton 1s not equal to 4 ms, that 1s, 1f the current supplying
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period Ton 1s longer than 4 ms, which 1s the lowermost
value, the ECU 34 proceeds to step S314, and sets the cycle
of the duty control to 16 ms. In step S310, the ECU 34
controls the drive circuit 50 to perform a duty control of the
cycle of 16 ms with the current supplying period Ton
computed 1n step S302. Then, the ECU 34 temporarily
suspends the process.

Thereafter, 1f the battery voltage Vb 1s increased, the
current supplying period Ton i1s gradually shortened every
time the routine of FIG. 10 1s executed. However, unless the
current supplying period Ton 1s equal to or less than 4 ms,
the cycle of the duty control i1s maintained at 16 ms.
Therefore, the duty ratio 1s gradually decreased.

When the current supplying period Ton 1s shortened to be
equal to or less than 4 ms as the battery voltage Vb increases,
the outcome of step S306 1s positive, and the ECU S306
proceeds to step S308. In step S308, the ECU 34 sets the
cycle of the duty control to be 8 ms. The fact that the current
supplying period Ton 1s equal to or less than 4 ms indicates
that the duty ratio becomes 50% when the cycle of the duty
control 1s changed to 8 ms. In step S310, the ECU 34
controls the drive circuit 50 to perform a duty control of the
cycle of 8 ms with the current supplying period Ton com-
puted 1n step S302. Then, the ECU 34 temporarily suspends
the process.

Afterwards, the duty control of the cycle of 8 ms i1s
continued at the duty ratio of 50% until the crank angle 1s

1dentified.

If the crank angle is identified (negative outcome in step
S300), the ECU 34 proceeds to S316. In step S316, the ECU
34 stops the duty control and temporarily suspends the
process. Afterwards, as long as the crank angle 1s 1denfified,

a normal current control according to the crank angle 1s
executed (see FIG. 4).

One example of the process according to this embodiment
1s shown 1n the timing chart of FIG. 12. When the starter 46
1s actuated at time t40, the duty control process of FIG. 10
1s executed until time t46, at which the crank angle 1is
identified. Accordingly, current 1s supplied and stopped to
the excitation coil 18a at short cycles. At this time, the
period from when the current supply to the excitation coil
18a 1s started to when the electromagnetic valve 18 1s
opened 1s gradually shortened as the battery voltage Vb 1s
increased. Accordingly, the current supplying period Ton 1s

oradually shortened based on the current supplying period
map Tmap of FIG. 11.

During the above described duty control, the battery
voltage Vb 1s lower than an mtermediate voltage Vy 1n a
period from time t40 to t43, and thus, the current supplying,
per1od Ton 1s longer than 8 ms. In the period from t40 to time
t43, the cycle of the duty control 1s set to 32 ms. In a period
from time t43 to t45, the battery voltage Vb 1s equal to or
higher than the mtermediate voltage Vy and lower than the
high voltage Vz. Thus, the current supplying period Ton 1s
equal to or less than 8 ms and longer than 4 ms. In the period
from t43 to time t45, the cycle of the duty control 1s set to
16 ms. In a period from time t45 to time t46, the battery
voltage Vb 1s equal to or higher than the high voltage Vz,
and thus, the current supplying period Ton 1s set to 4 ms. In
the period from t45 to time t46, the cycle of the duty control
1s set to 8 ms. That 1s, although the current supplying period
Ton and the cycle of the duty control are shortened as the
battery voltage Vb 1s increased, the cycle of the duty control
1s discretely shortened so that that the duty ratio does not
exceed 50%, which 1s a predetermined acceptable value.

During the above described duty control, the electromag-
netic valve 18 1s repeatedly closed and opened 1in accordance
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with supplying and stopping of current 1n the period of each
suction stroke of the high pressure pump 2 (the period from
time t40 to time t41, and the period from t44 to t46). When
the electromagnetic valve 18 1s opened, low pressure fuel 1s
drawn 1nto the pressurizing chamber 14 from the low
pressure fuel passage 20 through the fuel inlet 16.

In a pressurizing stroke from time t41 to time t44, the
clectromagnetic valve 18 1s closed at t42. Afterwards, the
clectromagnetic valve 18 1s kept closed until time t44, which
1s the end of the pressurizing stroke, regardless how many
times the current to the excitation coil 18a 1s stopped. In the
period from time t42 to time t44, in which the electromag-
netic valve 18 1s closed, high pressure fuel i the pressur-
1zing chamber 14 pushes open the check valve 26 and 1s sent
to the delivery pipe 30.

In a suction stroke from time t44 to time t47, the crank
angle 1s i1denfified at t46. Therefore, after time t46, the
control 1s shifted from the duty control to the normal control
for the electromagnetic control described referring to FIG. 4.
That 1s, the normal process, in which the electromagnetic
valve 18 1s opened 1 a suction stroke and 1s closed 1n a
pressurizing stroke, 1s repeated so that the fuel pressure Pt
1s 1ncreased to a target fuel pressure.

In the prior art, the cycle and the current supplying period
in a duty control are not extended even 1f the battery voltage
Vb is low. Therefore, in the initial pressurizing stroke (refer
to the period from time t41 to t44 in FIG. 12), the pressure
of the fuel 1n the pressurizing chamber 14 1s not increased,
and the fuel 1s not supplied to the delivery pipe 30.
Therefore, compared to this embodiment, the pressure
increase 1n the fuel 1njection system 1s delayed.

This embodiment substantially has the same advantages
as the first and second embodiments. If the battery voltage
Vb 1s high, the cycle of the duty control i1s shortened to a
level at which the duty ratio does not exceed 50%.
Therefore, the ratio of the current supplying period in the
duty control 1s not unnecessarily increased, and the load on
the electric circuit 1s effectively prevented from increasing.

The present invention may be modified as follows.

In the second embodiment of FIGS. 8 and 9, the cycle of
the duty control i1s discretely changed according to the
battery voltage Vb. However, the cycle of the duty control
may be continuously changed. In the first embodiment of
FIGS. 1 to 7 and 1n the third embodiment of FIGS. 10 to 12,
the current supplying period in the duty control (duty ratio)
may be discretely changed according to the battery voltage

Vb

In the illustrated embodiments, the high pressure fuel
pump 1s controlled to adjust the supply amount of pressur-
1zed fuel 1n each pressurizing stroke after the crank angle 1s
identified. That 1s, after the crank angle 1s 1dentified, the
clectromagnetic valve 18 1s opened in the enftire suction
stroke. In the pressurizing stroke, the electromagnetic valve
18 1s closed m a crank angle range that corresponds to the
amount of fuel to be sent to the delivery pipe 30 (see FIG.
4). However, the high pressure fuel pump may be controlled
to adjust the supply amount of pressurized fuel 1n suction
strokes after the crank angle 1s identified. For example,
during a suction stroke after the crank angle i1s identified,
current to electromagnetic valve 18 may be stopped to open
the electromagnetic valve 18 in a crank angle range corre-
sponding to the amount of fuel to be sent to the delivery pipe
30 (a range from Oc to 0d and a range from Oe to 0f), so that
fuel 1s drawn 1nto the pressurizing chamber 14 only 1n these
crank angle ranges. The electromagnetic valve 18 1s closed
in the entire pressurizing stroke. In this case, the supply
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amount of pressurized fuel 1s decreased if the current supply
starting crank angles 0d, Of are advanced. The supply
amount of pressurized fuel 1s increased if the current supply
starting crank angles 0d, Of are delayed.

Therefore, the present examples and embodiments are to
be considered as illustrative and not restrictive and the
invention 1s not to be limited to the details given herein, but
may be modified within the scope and equivalence of the
appended claims.

What 1s claimed 1s:

1. A high pressure fuel supplying apparatus, which pres-
surizes fuel supplied from a fuel supply source and sends the
pressurized fuel to a fuel injection system of an internal
combustion engine, the apparatus comprising:

a Tuel pump having a pressurizing chamber, wherein the
fuel pump repeats a pressurizing stroke and a suction
stroke 1n accordance with rotation of the engine,
wherein, during each suction stroke, the fuel pump
draws fuel from the fuel supply source to the pressur-
1zing chamber, and wherein, during each pressurizing
stroke, the fuel pump pressurizes fuel in the pressuriz-
ing chamber and sends the pressurized fuel to the fuel
injection system;

an clectromagnetic valve that selectively connects and
disconnects the pressurizing chamber with the fuel
supply source, wherein the electromagnetic valve 1s
actuated by electricity supplied from a power supply;

a voltage detecting device, which detects a voltage of the
power supply; and

a controller, which controls the electromagnetic valve,
wherein, to adjust an amount of fuel to be supplied to
the fuel injection system, the controller determines
opening and closing timing of the electromagnetic
valve based on a rotational phase of the engine,
wherein, when the rotational phase of the engine 1s not
identified, the controller executes a duty control to
cyclically repeat supplying and stopping of current to
the electromagnetic valve, and wherein the controller
extends a current supplying period 1n each cycle of the
duty control as the voltage detected by the voltage
detecting device 1s lowered.

2. The apparatus according to claim 1, wherein the
controller continuously changes the current supplying
pertod according to the voltage detected by the voltage
detecting device.

3. The apparatus according to claim 1, wherein the
controller discretely changes the current supplying period
according to the voltage detected by the voltage detecting
device.

4. The apparatus according to claim 1, wherein the
controller changes the duty ratio for changing the current
supplying period.

5. The apparatus according to claim 1, wherein the
controller changes the cycle of the duty control for changing
the current supplying period.

6. The apparatus according to claim 1, wherein, when the
rotational phase of the engine 1s not identified, the controller,
in addition to extending the current supplying period,
extends the cycle of the duty control as the voltage detected
by the voltage detecting device 1s lowered, and wherein the
controller sets the cycle of the duty control such that the duty
ratio does not exceed a predetermined acceptable value.

7. The apparatus according to claim 1, wherein the
clectromagnetic valve includes a valve body located 1n the
pressurizing chamber, wherein a valve seat 1s provided at a
part of an mner wall of the pressurizing chamber that faces
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the valve body, wherein, when supply of current to the
clectromagnetic valve 1s started, the valve body 1s moved
toward and contacts the valve seat, and wherein current to
the electromagnetic valve 1s stopped, the valve body 1is
moved toward the 1nterior of the pressurizing chamber away
from the valve seat.

8. The apparatus according to claim 1, wherein the
clectromagnetic valve has a valve body and an urging
member, wherein the valve body 1s capable of moving
between a closed position for disconnecting the pressurizing
chamber from the fuel supply source and an open position
for connecting the pressurizing chamber with the fuel supply
source, wherein the urging member urges the valve body
toward the open position, wherein, when current 1s supplied
to the electromagnetic valve, the valve body 1s moved to the
closed position against the force of the urging member, and
wherein, when current 1s not supplied to the electromagnetic
valve, the valve body 1s moved to the open position by the
force of the urging member.

9. The apparatus according to claim 8, wherein, when the
valve body 1s moved to the closed position during a pres-
surizing stroke of the fuel pump, the pressure in the pres-
surizing chamber acts on the valve body to retain the valve
body at the closed position.

10. The apparatus according to claim 7, wherein the
controller determines a stroke position of the fuel pump
based on the rotational phase of the engine, wherein, when
the fuel pump 1s at a suction stroke, the controller stops
current to the electromagnetic valve, and wherein, when the
fuel pump 1s at a pressurizing stroke, the controller starts
supplying current to the electromagnetic valve at timing that
corresponds to the amount of fuel to be supplied to the fuel
injection system.

11. The apparatus according to claim 7, wherein the
controller determines a stroke position of the fuel pump
based on the rotational phase of the engine, wherein, when
the fuel pump 1s at a suction stroke, the controller stops
current to the electromagnetic valve for a period that cor-
responds to the amount of fuel to be supplied to the fuel
injection system, and wherein, when the fuel pump i1s at a
pressurizing stroke, the controller closes the electromagnetic
valve.

12. A high pressure fuel supplying apparatus, which
pressurizes fuel supplied from a fuel supply source and
sends the pressurized fuel to a fuel 1njection system of an
internal combustion engine, the apparatus comprising;:

a fuel pump having a pressurizing chamber, wherein the
fuel pump repeats a pressurizing stroke and a suction
stroke 1n accordance with rotation of the engine,
wherein, during each suction stroke, the fuel pump
draws fuel from the fuel supply source to the pressur-
1zing chamber, and wherein, during each pressurizing
stroke, the fuel pump pressurizes fuel in the pressuriz-
ing chamber and sends the pressurized fuel to the fuel
injection system;

an electromagnetic valve that selectively connects and
disconnects the pressurizing chamber with the fuel
supply source, wherein the electromagnetic valve 1s
actuated by electricity supplied from a power supply,
wherein the electromagnetic valve includes a valve
body located 1n the pressurizing chamber, wherein a
valve seat 1s provided at a part of an mner wall of the
pressurizing chamber that faces the wvalve body,
wherein the valve body 1s urged away from the valve
scat by an urging member, wherein, when supply of
current to the electromagnetic valve 1s started, the valve
body 1s moved toward and contacts the valve seat
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against the force of the urging member, and wherein,
when current to the electromagnetic valve 1s stopped,
the valve body 1s moved toward the interior of the
pressurizing chamber away from the valve seat by the
force of the urging member;

a rotational phase detecting device, which detects a rota-
tional phase of the engine;

a voltage detecting device, which detects a voltage of the
power supply;

a controller, which controls the electromagnetic valve,
wherein, to adjust an amount of fuel to be supplied to
the fuel injection system, the controller determines
opening and closing timing of the electromagnetic
valve based on a rotational phase of the engine,
wherein, when the rotational phase of the engine 1s not
identified, the controller executes a duty control to
cyclically repeat supplying and stopping of current to
the electromagnetic valve, and wherein the controller
extends a current supplying period in each cycle of the
duty control as the voltage detected by the voltage
detecting device 1s lowered.

13. The apparatus according to claim 12, wherein the
controller changes the duty ratio for changing the current
supplying period.

14. The apparatus according to claim 12, wherein the
controller changes the cycle of the duty control for changing
the current supplying period.

15. The apparatus according to claim 12, wherein, when
the rotational phase of the engine 1s not identified, the
controller, 1in addition to extending the current supplying
period, extends the cycle of the duty control as the voltage
detected by the voltage detecting device 1s lowered, and
wherein the controller sets the cycle of the duty control such
that the duty ratio does not exceed a predetermined accept-
able value.
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16. The apparatus according to claim 12, wherein, when
the valve body contacts the valve seat during a pressurizing
stroke of the fuel pump, the pressure 1n the pressurizing
chamber acts on the valve body such that the valve body
remains contacting the valve seat.

17. A method for controlling a high pressure fuel supply-
ing apparatus for an internal combustion engine, wherein the
apparatus includes a fuel pump having a pressurizing cham-
ber and an electromagnetic valve, wherein the fuel pump
repeats a pressurizing stroke and a suction stroke 1n accor-
dance with rotation of the engine, wherein, during each
suction stroke, the fuel pump draws fuel from a fuel supply
source to the pressurizing chamber, and wherein, during
cach pressurizing stroke, the fuel pump pressurizes fuel in
the pressurizing chamber and sends the pressurized fuel to a
fuel 1njection system of the engine, wherein the electromag-
netic valve 1s actuated by electricity supplied from a power
supply to selectively connect and disconnect the pressuriz-
ing chamber with the fuel supply source, the method com-
prising:

determining opening and closing timing of the electro-
magnetic valve based on a rotational phase of the
engine, thereby adjusting an amount of fuel to be
supplied to the fuel injection system;

executing a duty control to cyclically repeat supplying
and stopping of current to the electromagnetic valve

when the rotational phase of the engine 1s not 1denti-
fied; and

extending a current supplying period in each cycle of the
duty control as the voltage of the power supply i1s
lowered.
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